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(54) Apparatus and method for treating exhaust gases from a diesei engine usjifig nitrogen oxide 
absorbent - . 



(57) The invention is a method and systemlor breat- 
ing exhaust gases, generated iby a diesei engine by 
locating two catalyst component in the engine exhaust 
gas passage. The first catalyst conponent which 
exposed to oxidizing diesei- exhaust is located nearest 
to the engine and is a nitrogen oxide absorbent made of 
support material can^ying precious metal. The second 
component is a catalyst such, as a lean-NOx catalyst or 



a selective reduction catalyst which is capable of con- 
veiling the exhaust gas passing ^ver it including reduc- 
ing the nitrogen oxides Cesorbed frcm the first 
component into nitrogen (N2) or nitrorjs bxide (N2O). 
Materials like hydrocartx)ns or ammonia or urea may be 
injected into the vicinity of th5 second catalyst compo- 
nent to aid in the reduction. 
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Description " ' '^ -higher NOx conversion than Jean iNOx cataly^ts^^ 

* ' ' ' ever, sinralar to lean NOx catalysts; SGR catalysts a^^^ 

[0001] This inventibn relates to a method off treat^^^ - '*defident because they have a fimited temperature 

diesel engine exhaust gases with two catalyst compo^ ^ ' ; fange of operation. Their NOx conversion activity is usu- 

nents located" in the exhausV gas passage. The first s 'ally confflned to|emp8raturesgreater;than 230*'C. 

component material made of precious metal on a parttc- ' [0006] ' NOx traps operate- on teanrburn gasoline 

ular porous support absoft)s nitrogen oxides at tow ' ' • ivehides by absorbing NOx. on i a material iJka barium 

peratures and despitos them as the tem^^^ > oxide during lean-burn operation, i.e.. engine alrlfuel 

raised duVing' engine cperatibn. The sefcond cortpb- ^ ''^'■^'(A/F) ratio is ca. 20/1 and exhaust is 02-rich. Then, the 

nent. located downstream of ihW first c^ ^ '^^ NOx trapes siibjected to errgine exhaust- during stoichi- 

catalyst capable of reducing the desbrbed -nitrogen" * ' ometric cr ^ueS-rich' operation- > i.e>, AAF^ratio is 14.7 or 

oxides, such as a l)Ban;^MOx cateiyst or a selective cata- ' ■ lower and ; exhatist becomes O2 deficient.' This is done 

lytic reduction (SCR) catai^^^^ ^ ^ J r j - to desorb the NOx an^ 

[0002] ; *Re^^ ^'the trap^tenulation. In diesel systems, the exhaust 
Serial N6. 08/992.<9i^ filed bisCe^^^ entftled 75^ g£^es goherat^ by^e engine are always oxidizing, . 
"Use of;PtetifWnVAiumina^^ ^ i.e. JeanVthe engine A/F ratio being generally from 20 
for Arf<KTKJtive'"*^Em Reduction" ■ ' <x)rihmorily to 60/1. Usinga i^Ox trap 3ike barium oxide on alumina 
assigned her^Afrth. ^ . . / ' ' " ' ^ ' ^^descrtbed abdveis unlikely with a diesel engm^^ 
[0003] Gataijrsts'We'en^ in ttie'lbdiauSt sys- ' ' because it is irnpractical to run the engine fuel^rich or 
tern of diesel vehicles to 6)dclize carbon nibhoxide (CO)^^ 20- near stoichiometricio release and reduce NOx.. Hencia. 
arKi hydrocarbons (HO), inducing the volatile organic ' -^using such'^NOx traps in gasoliifie tean-burh ! engine 
fraction <rf pafticblates; j^ddu^ 'exhau^ systems is more commercially appropriate 
tion into tir&n dioxide (COa) Gurr^ diesel after- since the air/fuel ratio can HYore conveniently be made 
treatment technologies are bein^ developed to coiW " stoichiometric or fuelrrich. ^ '■ ^ ^ 
nitrogeh' oxides (NOx). in addiiibn to the other emis- '2S [0QQ7] ^ The invention is an exhaust gas^ treatment 
sions, into^mpreldesirable gases. T^ ' ' ^-system for diesel engine exhaust. It comprises a first 
in^^tve lean NOx'^catal^sts. seii^ - catalyst Gcmponentwhich contains a nitrogen oxide 
(SCR) catalyst!^ and lean NOx traps: ^ ' absoibent material, and is located irr an exhaust gas 
[0004] Lean NQx catalysts are catalysts that con- passage of a diesel engine. The system also conprises 
vert NOx in a lean/ i.e./0^4icWi environment with the -30 'a secondf catalyst oonponent which contains a lean^ 
aid of low l^t^s of hydro^rbons. In tiie' case of diesel, ^NOx catalyst or a selective reduction catalyst, and is 
hydrocaft>on' emissions are too low tb achjeve signifi- located downstream of the first component, ;The nitro- 
cant lean NOx conversion, so hydf oc^rt>ons heed to be ' gen oxide absb.*benFt material comprises (a) porous sup- 
added t^ ihjectton of dieset ifuel- into the pre-catalyst = port materiiail selected from the group consisting of 
exhaust streain! Diesel lean NOx catal>^ts generally 35 alumina, zeolite, zfrcdnia. titania. lanthana, and mix- 
include such mi^teirials as eig., precious mestafs or base tures of any of them and (b) at least 0.1 wt. % precious 
metal zeolites. In particular, platinum is used because of *^ ' metal selected from the group consisang of plalinum. 
its lean NQx ad]\nty at" i.e.. usually palladiumrand rhodium or a mixitjre of* any of ^them 
less than i^O'C, vThis low tenipersdure a^^^ ^ " based on the weight of a support for the precbus 'metal, 
needed. e.g,. during European urban-type driving 40 in the system, the diesel exteust gas flowing into said 
where diesel exhaust gas terirperatures j^^ ' " first component material is always oxidizing. At low tem- 
urebetvk^en 100^300% at the engihee^^aust manifold peratures the first componerrt material at7Sort)srdtr^ 
Ov rail diesel catalysts need to be able to operate over ' ' oxides from the exhaust gas. Th^e absorbed nitrogen 
a wid t mperature range, e.g.. lip to 5bd**G. Base ' oxides are relealsed from the absorbent material at 
metal zeolites and precious metaf o^er tf^an Pt haV^e 4S higher temperatuires arid oorverted to nitrogen (N2) or 
lean NOx activity, at' W temperatbres, usually ' "* nitrous oxide {N2O) over the second catalyst compo- 
greater than 230'C. P'redbus' nrietal ard base metaf ■ nent. The second component may be a Sean-NOx cata- 
zeolite materiais are ddfideni h^^ ' lyst or SCR catalyst. ' ; ■ 
hav a limited temperature rahge of lean NOx activity^ -'^ [0008] Preferably Ihe precious metal > of the first 
and a limited i^ei of IsiOx conversion over their active so component indikSes platinum and its support is alu- 
temperaiture; range.* Platirium hal an additsonar short- mina. The specific temperature ranges of NOx storage 
coming of redCicihg n£)x precfominantty to' W2 rather and of WOx release of the first componerrt catalyst will 
thanN2- \ ' " " ^ - depend on it particular formulation, 5h some instances. 
[0005] S^ective reduction catalysts (SCR), in con-~ the NOx will be absorbed at temperatures of iip to about 
trast to using hydrbcartjons for NOx conversion. ' use ss 23i)"C arid bo refeased above that temperature 16 travel 
urea or ammonia to provide NOx conveiiion in 02-rich to the second component for reductioa ' . .v . , 
exhaust. Base metal zeolite hiateriafs are used for SCR [0009] \n another aspect, this invention is a method^ 
catalysts on diesel vehide. SCR catalysts pi^ovide much for treating diesel exhaust gases wherein the oxidizing 
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diesel e)toust:gases pass 1hr<^jgh the fir^ cornponen) ~.r ;^catalyst. The first component can be positioned to con- 
with NOx being ;at]fiorfc>ed ^t^lpwtemperaturesarid lat^r? »vi:tact engine out gases immediately after they ext e.g.. 
desorbed dt:elevated;temperatur€^ to-be reduce v :,the exhaust rfl^niJoW, or a Jurfc>ocharger. or other 

the second conponent.- .-i^,./ , , ^. /. ..^c..,..exhausf.afier-freat^ 

[0010] A Weftuxf ■ and system ^et^KXlying. ;5the iatejilter;. A sqiwmatic erf this invenli^ is shovwi in Fig. 
present irwentionis capatie of efflcierrtly reducing;nrtro- ; ^ j^,- 1- / s ^ 'r . 

gen oxides as weSt as im^izmg hydrocart)ons.and c^r- ,..'[0014] . - We.jhave found that, e.g.i! platinum on alu- 

bon monoxide in th&relath^^IycoGi oxidising cQpdS^pf>s> y- . omina stores and releases, NOx urtderjOg nch conditipr^. 

of diesel exhaust gases. , ; i \ , ■* . ; and at ©"dtei^t gas temperatures typi<al ^rf. diesel iig)]t- 

[0011] For optimumoperation, the amount jpf.rftro-i , fdu^ vejii^edriviijg, on astartdarcjljdrVecycl^^^ 

gen oxide absorbed OiJ. tha lirst C0n¥)Otnj?nt m^y ^e-. . casMVEwa^TFhls^^ 

monitored so that the NOx absorbed on thQfir$«ppnapPr, i vtemperatlfir^vylierjB Ptis a^ 

nem material can.be deporbed by ^evating the tenrper^ .'.^ o erf lean-islQx cataly^s ori diesgte ^i^^^ 

ature before the*iTTaterial',has rea^^ed-capacityoifor .^^'requiresredu(rta^)[radd^,^tt^eexhau^^^ 

nitrogeri, oxide ^absorption. : Advantagepufly/i: however, .i^/ff, engine out.^HG- levels , are - too low. Wheri np jHC is^ 

diesel exhaust: temperatures dMng 'tyeic^!;. driving . . >;pr^nl,j,f^adumina stores NOx 

exemplified in the MVEuro cyde. are. within thie^rgpg^ of , lx)th NQx^^stor^ge arid lean NOx Veduqtipn ocajr si nxiJf ^ . 

NOx desorptoniOften enough that l^x.stpriag^ capaqr m %taneQusly. Stored NOx is released as the temperature is 

ity in thefirlsl cpmponent^s not WMy^tp be reached. , ^ ^ -^elevated;^J)ovg tfiefJpx stpfage ten^^r^jUjre of^toe'ifirst ^ 

[0012] ^ . This invention^.wiU new b^esiE^ed, by yi^ay ^ component, wWcf^rVSuries^with ihe^icSpnY^onenty^^cu^ • 

of exaniple; with reference to the acpompariytjr3g;draw-. t larcompositiop. /, ^i^.^^ ,t , . , , k . 

ings, in which:K\ ■ v ■ v:;- ^ , ^-^ , [oOtSj . ^Ooe.ienifcpc^n^ 

: :: it o / f. : ^ , - * , involves ti^ use pi e^., fi^lurnina 

Fig. 1 is a schematic of the inverition; - ; , , - .^inent that stores NOx at toyv temperatures, followed iri^ 
Fig/.2:is a/graph showing ;{he Npx storagereffi- 'ta5,^;thejBxhausjtstr^rnbyalean,]l^ 
ciency and* release as a function of gas saiTtR(ei ' , NOx ov«r the higher temperatures where the 
temperatute; for a Walumina first , conporifint -i . ^^^ol the first conporie^^ 

errtaodimentaccorcBngto tbepreseminventipri; j-^c^^^^^^ alyst converts both released NOx arKl NO)} emitted from , 
Fig. 3 and Fig. 4 are graphsr showing NOx ^rage r ^ the engine over its active Jernperature range^The bene- 
and conversion efficiency for the fir$t cqrap^ent. so M is the temperature range of the lean NOx catalyst Is 
materials of Fig. 1 using increased hydrooarf^on , -effectively widened to,ihdude .the'^^ctn(^ temperature 
content in the gas sampte; ; . s ranges of both component?. A second en^bodirnent of 

Fig. 5 is a graph showing NOx conyerOTn^ff iciency the present^inv^pn involves the us^ of the samis. tw) 
over a tean-fNtOx catalyst useful in.an^embodinient x components with a rncdifiqation which allows the use of 
of the present invention as th^ second component; ;pi,35 the first coniFonefit e.g., Pt/alumina, for both slCH:age 
and r: < ' f ardcowersion pf f^9x,TTiisi5t^ 

Rg. 6 is a graph showing NOx storage and cprwer- :the exhaust to ppixtuce Npx reductiori jq.theiirst! 
" sion of reie^sad NOx for a two-cocnponent system ^ component (Even with the added hydrocarbons; how- ^ 
acoording?tOian.embodim^n|of the present invert- ever, the gas rea9ted oyer the first conrponiemwoul^sti^ - 
tion. Vf! : \. , r ^ , : be^Og-rich, usually several. orders of magnitude iri 

ii.<\ ^ i-- J , . ; excess of a stqcic^etrtc O2 level.) In su^h a 

[0013] The invention method comprises locating,i.' . ^ *ean NOx cateilyst which follows the first component/ 
two catalyst iCooponents tri , the exhaust passage r. ;;i5reduces^.released NOx .this conversion of released . 
diesel engine ;extmust gas^assage. the first jcofjnporient , . . j NOx effectiyely, improves the level of NOx conyersiori for , 
being located .doser to the ^engine rpanrfold. The^.tirst , . ^ Walumina. StiU ^ thod errbodirrjent of the present 
component is a mate/idt ,whii5h, during di^el engine , inverttior> irtvotves.a lowj&nperattire NOx storag^^ caita- 
operatiQn;;Js;Cexposed: tcr ^au^ gases whjch^ are^ v,^ , (yst. like Pt/^ugii;p/ wUh an SCR cataly|si,;4:f.'..pn 
always oxidiring. During the relatively cool > operating - ,j uses urea pr arrvncjfiia as reductant j^ 
temperatures^as dudijg engine ^rt up. light agcelera- . , j (through ajteprptiof! on the first catalyst .<fpmp6nert)v^H 
tion and low^speocWoad, cru^es^^as particularly takes .so- ' l>e prowded OKer low.te^ 

place during urban dnving. thet NOx.present in the pxf-- ^ . r,^ lyst ind5>(idual!Mf(<a}inpt operate^ ^r.v^her^ it jn*ay,noi he 
dizing exhaust isabsortjed 0/1 the.ftc5$.cpmpot^ > ^^desiralafe to X3p€f^tp. W ^"a tburtti 

rial. Uter.wherrthe^firstcorTippgemjis'ecpps^tGW embodiment f^umina in the third embodiment could 

temperatures?'^ during incnea^ load of jurban and- ; \~ ; be operated sii7jil^to .lhe;Sea)nd embodiment to addi- 
h(ghway ,dfwtog.:ithe jabsQrbed NOx de^orbs frorri ttie ; 55 , tionally provide NOx conversion in ac^^ 
first component in the presence of the oxidizing exhaust , age if desired as by the sddition of a soiree of 
and is carried in.the gas strearri toith^ second compo- . * hydrocarbons to the first component In all of these 
nerrt for reduction, as over a lean-NOx.catalyst or SCR present invention embodiment systems, using the two 
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components allows for the eventual reduction of NOx > ■ ^ Exenplary of such solvents are water,;solutiQn:p^^^^ 

emitted fi-om the engine at low temperatureis^'^AIthough ' > like sodium hydroxide, ethanol, .toluene, isopropyli alco-: 

a single Pt-based lean NOx catalyst would be effective- '"hoi. acetone; methylethylketone, .^butylacetate. and 

for converting ^iOx at low temperatures; how ' -dimethyHbrmamide, water and water/methand being 
is predominaritly th^ product/ AlternatiV^ly^wher^ Pt/alu- ' 5 ' particularly^ prefened. .^ny pH-eciou^ rpetal fCompound . 

mina is the first of the two component 'system of the "\ which isiscluble in an aqueous or organic n?ediurn and 

present invention, NOx is stored at low temperatures on ; Jtwhose functional group is capable of being decom- 

this first con^nem and later reduced to ^e more de^ir- iposed by heat to leave c^ly the precioMs fjietal or its 

able Ng^over a secbml oomponem such as Cu-ZSM-S/ ?^ / oxide on the support material ^may be employed in thss 
Th exhaust gas'trfeatment system of the presert cnven^'.^ -impregnation technique. Hence/ such a co^npound is 

tion exfiibits optimal operation with diesetfue^^ a f^^edous melal precursor ^compound. Other 

anabsefeebf iiulfur.'^^' . .-^^ ,1? ^ ao: hr .platinum .and 1 other pr^dous metal precursor com- 

[001 6] the first Component- provided to'absSfb the .pounds useful in this inyention iri addition to those listed 

nitrogei^30dei present in the! di^^ above will be apparent to those skilled in «ie art in view 

temperkurBs7is -is^ of the present disclosure, . . , . j ; 

a porous *supjjdrt^th€f^ p^^ [0020] ' *Accx>rding to^ t^^^ 

selected St>m tfief'pi'bu^^^ disdosed^bove. the ^precious metal precursor com- 

zirconi4 tSailik,1anth'a^^^^ ihy of Ihem. ' pound es dissolved ^enereJIy by sinpiy mixipg the com- 

where th^ aiuniiha is preferably g^ " pound into an aqueoCis or organic solvent to. make a 

support carriesaf least 6.1 wt-%precidu^rn^af precursor solution thereof. A solution of the catalyst 

on the wei^frt of the siif^^ ItSe prkiickis meyi- fe^ gena^ly further: diluted for inrpregnation 

sel cted from tiik ghOLp obnsifsting of p^ktirtiim, p««a- of the support The catalyst pracursor^soiuticn may atlso ^ 

dium. and rhodium, or a nriiihure of anydf thehfiJ Prdfer- comprise a fixture of compatible organic solvents: 

aWy. theprk^iousmetalisatlea^ -and/or precursor coni^ v i.^^ 

[0017] ;7hA present inv^tion f^x ^jsorti^ ss ' iOOaiJ ' For useful apfrficaiipn in an exhawst system, 

trary to ffiifse^cdrtventiori^lly used; does not use alkali - the washcoat will be can-ied on a substrate (mechanical 

metals (e gl/ potassium) or alkaline i^arth material (e g:, :^ carrier) of a high temp^ture stable, electrically insulat- * 

barium oxide or sfrpntiutti' oxkJe) for frje absorbent. ing material such as cordierite. mullite. etc. A mechani-^ 

Rather, We firkl that ttie present invention suppo cal carrier is preferably comprised of - a monolithic 

rial of 'the first compoiiertt. e.g,, gamma-aiumina. 30 magn^iunf aluminium silicate structure (i.e., cotdier- 

absortjs the NdxIhrbugH^the catafytic effect of the pre- ite), although the-configiiration is net critical to the cata-^ 

cious metal? ' ' ' ' ' ^ lyst of this invi6rrtidn. lt is prefenred that the surface area 

[0018] ' A^ desoibed above, th^sup^rtmiay be one of the monolithic structure provide 50-1000 meter 

or a mixtui-e of ^i>f the above disclos&l support mate- square per litre structure, as measured by N2 adsorp- 

rials, Preif^rably tiie suppiirt is mostiy ganma-alumina.-^ 35 tion. Cell density should be maximized consistent with 

By "mosti/raluW^na" in this invention is meant thm^^ . pressure drop limitations and is pfeferatiiy in the range 
support niaterial corr^rises more tharn abolJt 50% by ' of 200-800 cells per square inch of cross-sectional area 

weight t^Iunfeia More preferably the support is greater - "of the structure. The substrate may be: «n? any suitable 

than 80%, and most preferably substantially all y^!u- W>::^ corf b^ng enrployed as a rrjonplithic 

mina In acWBtion to the ^alumina, however, if deared 40 'honeycomb structure, spun ttores, corrugated foils or 

the raluntina sipport material rnay ' comprise i^mall " ^ layered materials. Still otiier nrwiterials and configura- 

amountsof oth^ rnaterials bfleri idded into the support tions useful in'this invention and suitable in an exhaust 

for statHlii:ation of the surface Wea of tile OKid gas system will be apparent to tiiose skilled in the art in 

This support material conprising nfK>stiy "^aiumina is view of tiie present disclosure. , - ; . . 

desired because, in addition to being ia good absorbent '45 ^ [0022] ; 'A washcoat of the su|:n!>ort material may be 

of NOx, it has high surtece ih% good eidhesiori'and low - applied to the substrata and then impregnated with the 
chenrBcai interaction with the ^ loaded^' ' precious metal precurstor catalyst solution. Aftemately. 

thereoh, * ' ^ ' ' ; • ' ' ■ the impregnated wa^coal may tje applied to the sub- 

10019] ^' The f)repous m ■ strata Generally, the washcoat- (support material) is 

Y-alumiria support' material in" any manner; several so - provided first cn the substrate. Optimally, the washcoat 

methods fbr providinp prrabus 'metals on^iii^rt mate- - • is pro>flded on the substrate in an amount of between 

rials bSng weilknoWn lnthrart- One p^ ' about 20% and 35% byweightli^sed on the weight of 

venient method is by impregnatihg We'supfwrt mater*^^ - the sid)Strate {e.g., monolith). Still otiier ways of provid- 

witii an aquebife or organic solvent solution comprisirig " * ing tiie catalyst product will be apparent to those skilled 

a soluble cpmttouhd of tiie precious metal. Exemplary 55 in the art in view of tiie preserii disdosare; :the"^method 

of solufctie piatihum (R) containing compounds, e.g., are ' not being criticar to the present inventiorl. Preferably, a 

compounds like chloroplatinic acid. amino-Pt-nitrates ■ sluny of a platinum-impregnated washcoat is made into 

like tetramine -platinum nitrate and Pt-carboxy!ates a slun-y and the' monolitii is coated with it. When tiiis 
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material is subjected toielev^tedtemp^tures the fun^^^ j(^> :^ skilled Jp the art in. vi^ of the present disdcisure, 
tional group is decomposed .and eliminated frpm .th^ .;| ,Anothepwaytp aid rec|uctionof the.N^ 
catalyst prec^sos. It irtay: be furth^ subjected tqcalcin-: . . .alysts are .used isto introduce urea or ammonja redu9t- 
ir^. io~^s r- . : <>• . '\ '\- . ^.^ant or other materlajs^over the second cpnipNonent as 

[0023] If the heating ise&riied out fh the air. the plat- ^ 5 " ,wouId be awp^e^ tp:thp$e skinedJn t^ie art ip view of 
inum conTpchjnd fnay exis* at a^^p^^^ 

pound which at - Iflgh' teWip^luriss generally . : * [0027] ^^ As disclosed above, for efficient use of the 
decomposes to platindrfi suld-oxy^ it oft^n ' , C;System o* the p/esent invention it pngy be desirable to 

existsasanrtixtur^'dfplatihurnand'r^ h> rTK}nitor the'drrK}unt;^ nttrogen pxidesat^^ 

[0024] The slippdil'material is loaded such that t^ component at lower temperature .so. as. to.notV 

armjunt of predous'fnetal is dt least 0^1 wt %. more - * : exceed^its absortient capacity. If tfie e)^iau.st gas ten^- , 
preferably, between 0.1-5.0% weight, based on:the u ^perature is lower than that necessary fbr effiqient NOx ; 
weight of the support: Prefer^y vvhen platmUm Is used t j ';conversiPK^,> the^ seooi^ cornpon^. fiOx can be 
alon without otherprectdus metalS it comprises o:bexhaus^ to the ^tnxisp^ere..Tlils^^ rnay bei .V 

0.1-5,0 wt %, mostly preferat}ly about^2% virt^^'^ -er *; ;done se¥er^;yvays irKducSng estinqa 
[0025] Aocx)iifing^to tha method trf tte pressent/ :^*g^erated,nitr^og^owdes fer 

invention, at some 30f the rel^ely lew temperatures x- ^ tion as by.;^i;von toajrd con|puter, prby nfipasuring.tfie,^ 
experienced during diesel erigipe operatiort. as. dgrjn^ : if ^^^^amount pf^nitrogen c^ckde 09f)c,e«^^ e^aju^ 
start up. Irght accelsand constant speed sutxirbaQ driy- . qgas at positions bi^re and .after njtrogen. oodde 
ing. the NQx in the exhaust gas will be absorbed on the bo ab$prt>entmat^al i/i thejDa^g^ H^'??* §'9-. - 
first cataiysi cxHrtpohern. in particuiai.^ ibr aiyptCai. piati- ; ^gen oxt^jSeo^t^Suu^^ aff&mi . 

num on- alumina absorbent material this will take place. _ ; . ;^^of absofbe^^ nitfpg)&f;i^a)dde wilt be ap^rent .to thc^ . 
when the oxicfi^ng diesel exhai^igas is 50** to 230''Q; f l sidlied in^the arjt.iQ>yiew of the. present disi^osure. Whenv 
In this enf4>odiment. when the exhaust gas temperature -it is determined from this nrwnitpring t(i^ the ^bsofberit 
is raised abqye 230''C, generally up to about 450''C as , ^ firstcomponent trap optimatV.i^pulcJ be purged of nitrb- 
during higher, speedrload. acceleiation or cruise., the w r r/Oen oxi<;les^nd regenerated, the temperati^^^^ 
NOx desbrt^ |rom ithe at>sort>ent arxl moves dQWv^ ^; : componerrt is exposed to. el^ 
stream in the ^aust gas passage. The^spec^c tern^ . desori^ the NOx This can be don^ engine c^libra- 
perature ranges of fslOx storage and of NOx release of . ^tion. There is no criticalfty appelated with the . way in 
the first component catalyst in the present jrrvention will jsp. = which the amount of nitrogen opck^es in the trap are , 
d^erKl on characteristics of its formulation as wpuld be q f .. determined nor in the way the terrj^erature is raised to 
apparent to one skilled jn the art in yiew^of the pr^nt purge the absorbent The purging is generally carried \ 
disclosure. : joutatasdect^dtimecompaltt^ 

[0026] ' The desorbed.NOx then is. exposed to the and for a time -necessary tq purge, some or all of the 
second catalyst component aithis elevatend temperature 35 absorb^ nitrpgei;i oxid^. ^s selected for optimal opera- 
where it is reduced; 'e.g. tb=N2. At this elev^ted temper- ^ tion of ihe ^^Dsorbent ah^ the engine, system., it nriay be 
ature the second . conYX)nent catalyst can effictently j^, desirable to vary^ these ^rameters. and co-ordinate, 
carry out this reduction; This second catalyst compo- Vft them with ttie absort>ent tenrperatujre. etc.v,whi0 may 
nent is any catalyst capat^e of reducing NOx. ifor^ex^m- j ^ aid in purging. ' > , \- 

pie it may be a Jean-NQx catalyst Lean-WOx cately^ ^ ^[0028]^- ,^The stcyed NOx is^theri relesased from the. 
are well known in the art and are catalysts capabte pf> . ^; absort>ent mat^erial first cornpone;nt and is catalyticaUy 
redudng NOx. as well as oxkjizing CO and HC. in the . u .; reduced^er ttie c^atyst of the secorKi component cat-^ 
presence of.-excejss oxygen. Exemplary, of lean-NOx^ ^ alyst. In :general, the released NOx is effidentiy.con- . 
catalysts which use HC for the redwtipn reaption of: verted to N2or N2O. ~ , , . • 

NOx ar CupZSM-5., 'Fe-2$M-J5,> GorZSMtS. and^sup-fi^f." [0029] .. ^Corisidering the alumina su^^sprt. for exam- 
ported Rh. AHernately.^thesecorKl component may be a ..pie. our work jshowstfiat NOx is^recipn.t|ig^r.uppoft. r 
SCR catalyst th€ft reduces ^|S^x^through thi^i^e,of:.Mrear,, , ^ possitsly as a nitn^fe. It J$ unstatste 8^: higher tempera-1: 
r ammonia.. iiathar:lharr^HO. E^mplary^ gf. SCR jCata-, : . r tures where it releases NOx. Experiments with platinum 
lysts are t^ase metal zeolites such as Cu-ZSM-5 or^Ce . ^ on SiO^ showed no NOx storage to cpiTfirm the role of - 
mord nite. iTha invention method is.tiotJimited as to a th^catumina suppprt as a*ROx absprt>ent Alsp. we firid 
particular catalyst for the second component ^ forig as ./ , vi that NQ^. arid,r^otj(iip. can stpre.and ffl^^e on ^lumiria . 
it perfornr^ the ^conversions described ^abpve:. .^ince without -.Rr.ecio**5,/nEi€^ jny^ platir^urn. but Jn lesser 
conventional; lean-NOx catalysts reduce NOx generally u,- c.'i anrKsuntv and over, differ&it.tenriperature ranges than 
by using HQ in tite* exhaust gas, for fdiesel v((herethe>HC ^ ; when Pt is present The platinum appears to have two 
content of Bxhaust'^asrte relatively Ipw. additional HC .se , furKtions in the.flOx storage mec^ianism: I) it oxidizes 
may be added over tiie tean4MOx catalyst . This may b^ : . NO to NQ2 whi(^ reacts with the alumina, and 2) it acti- 
done by ir^ectiari diesel: fuel. ^Fscher-Tropsch fuel, or vat^ a^urnirj^ in formation of an aluminium nitrate spe- 
other HC materials as would be apparent to those - des. While this theory has been provided for an. 
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understanding of the unexpected results df'the present • 
invention; n0ither the truth nor undersfanding thereof is--'' 
necessary for a practice df the pt'eserit iniveritioh. ' ' 

Exarrpte 1. " ' ' ^ 

Storag -Reliiase of NQx^ ; . ' 

[0030] A cordierite honeycomb monolith, containing 
33% p>y weigW) Van)rTia-aluniina was^^ 
nated with chloropratanic acid soltiiicin tb dejabsit 2% - 
(by weight, of the washcoat). The rnonolith is dried at 
100*C fdr fivfe tiduris. and caldried' at 5bO*C^f6? foiiiT ^ 
hours. Thj^^fs an exahfplebf an entoodimeril of the first 
catalyst component. ' " '' ^^ 

[0031] ^The sample is tested for NOx storage and 
r lease in'^a ildw reactor: A pifede' that ^ 
diametei'S^r' Ipri^ iau^^d: PriW tb'tisstii^g the 
piec isriSduc^edv^^-aCbin^^^ 

tioned with the test feed gas. The fe§d gS&^£bm^)6^^ 20 
is given below. •r^^^^; * c;; 

FEED GAS QOMPOSltlOisi: ; ^ " "^' - '^ ' - ^; - 

[0032] ^ ' ' "25 

Nd>r=8ffpi3m " ■ • 

HC = Oppm" ' " 

CO = 720ppm ' ■ 

H2 = 245ppm 30 

CO2 = 5.0% 

H2Q = 4:6% -V: ' - ^ J 

02=-14%"' ' "*'^''' - 

N2 ' t)alance 

Row rail^ is 3.600 cc/nftih - ' * ' 35 

[0033] ' The feed' gas is brought inflo coritact with the 
sanrple at »*cVhich is measdred 1/2 inch before the 
inlet gas flow side. The flow reactor oven t^jDeratUre is 
increased 1 5**CAnin until the infet sanrple temperature is 40 
500*C. ' " ' ' 

[0034] TTie NOx storage efficiency and release as a 
function of inlet sample temperature is shown in Fig. 1. 
In this iBxperitiilehi:, Pt/alumini shows storage over tem- 
peratures of 60-23d**C. Peak storage efficiency of 80% 45 
is achieved nei^' 160*C. t^Ox release is indicated by the 
negative values of storage efficiehcy that occur over 
temperatures of 230-450'*C. The airoufit of Nldx stored 
equals th^ amount rddased. vvitHh experimehtat error. 
[0035] The stbHed amoiint of NOx is about 6 mg per so 
\rP of catalyst nr»onolitK*Tlii^a:i1iod^^ is belbw NOx stor- 
age capacity which is not reached in ihi^ ^(periment 
However, the amount of NOx stored is on a comparable 
level as thai which a catalyst is reposed to during the 
urt>an driving portrori oi the MVEurb cycl6. e.g.. k 2:51 ss 
diesel Transit vehide emits ca. 2.2 g NOx "which 
exposes a 2.51 (153 in^) catalyst to ca.-14 mg NOx per 
in^ catalyst Exposure time in the experiment is- 10-1 2 



mm while NOx is storing. On the vehiclOi the catalyst is 
exposed to exhiaust for a similar time. 13-14 min, for the ' 
duration of MVEuro urban drivings. It probably will tiot be 
necessary to be able to store all the ehgine-out NOx 
during tfie urbari-drrvingv^^is is because; exhaust. gas ^ 
temperatures ^generally ' cycle . through - temperature - 
ranges of txrth NOx storage and release. :v 

Example^.' ' ^ ~ - * - - j * v 

Concurrent NOx Stbrdge and NOx Redaction ^ 

^[0036] ^ the Pf/alumina irioTO^ in Exarrple 

1 is tesfeij for sirniiitaneous occun-ehce of NOx storage 
and NOx reduction o^er thW same terr^erature range. 
This is done bV Treating the temperature rahp-up 
experiment In Eicample 1, except propylene is included : 
in the feed gas'conhposjfion. Two (Propylene feed gas 
levels are cmsidfered. They are 185 and 720 ppm HCt. 
which result in 2/1 and 9/1 HCv/NOx ratios, respectively. 
Both of these feed composrttons with ^e added hydro- ^ 
cartxHis are "still oxidizing: The formk- represents an 

Werage level for engine-out diesel exhaust arKl theiat- ■ 
ter represents a typtcaMevel when reductant is added tQ ; 
diesel exhaust for operating a lean NOx catalyst i > ' 
[0037] Efficiency of NOx storage plus NOx conver-; 
sion as a ftinction of inlet sample tertperature is shown [ 
in Fig. 2 for 2/1 HCi/NOx. and in Rg. 3 for 9/1 HCi/NOx:: 
These figures show both NOx storage and NOx conver- 
sion occiining at terrtperatures below :230*'C. Stored 
NOx is relieased above 230*C indicated by the negative ^ 
efficiency values. The amount of IMOx released is less 
than the amount of NOx that disappears from the feed 
stream for temperatures below 230*'G. N2O measure- 
ments reveal that the residual amount of NOx that dis- 
appears, i.e.. the amount ; that is not stored, is 
converted, for the most part, to N20.^ For the 2/1 
HC^/NOx, NOx conversion to NgO peaks to ca. 12-15% 
at 120"G. and for 9/1> HGi/N0x. it peaks to ca^ 45% at 
14<rC. > ; 

Examples. ' " • 

NOx Storage and Conversion of Released NOx ' 

[0038] A two component catalyst system consisting 
of Pt^alurhina followed by Cu zeolite (an embodiment of 
the invention second tatalyst component) examined 
in a flow reactor for NOx ^rage and conversion of 
released NOx. The Pt/alumina catalyst contacts feed 
gas first arxi is used to store NOx. Thijs is the same cat- 
alyst sample used in Example IvThe Cu zeolite catalyst 
contacts feed gas after it passes through the.Pt/alumina 
catalyst. This seoortd position catalyst is used to convert 
NOx released from the Pt/alumina catalyst. ' 
[0039] The Cu zeolite sample is a prototype lean 
NOx catalyst from a commercial catalyst supplier. A 
cordierite honeycorirto monolith supports the Cu zeolite 
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materiai. Dimen^ons of .the Cu zeolite sample are 3/4? 
diameter x 2-. long. 'This sample .is tested for NOx opn- 
version wfth.'the>Pt/alumir)a sample absent Tempera- 
ture ramp up :procedure\%i Example :1 is performed./ 
Feed gas.composttioais^also<the;$ame as .Example, t 
exc^ 185 ppmNOx arttl:.1345 ppm HC^areiised. Fig. 
4 shows NOx conversion.Qver the.Gu zeolite catalyst as. - j^.^ .2. 
a function of temperature measured at the location that 
is inlet for the Pt/alumina catalyst but vtfithout it present.: - 
(Inlet temperature for the Cu catalyst, i.e.. 1/2" Infront of 3. 
it. happens to be cav25*Q,higherthan thgrt infrpnt of th^ ^ . 
Pt/alumina catalyst in this experimental apparatus.) 
Conparison of fig. 4-withpg,,1.shows:,NQ)5.9or^^^ -^^4. 
over this Cu zeolite . cat£jyst:,Goincsd^. y^ .) • , ? 

over Pt/alumina in the e)g}erim©rTlal;^€d^^^^ /•;.:,.>;. .?5 . 
[0040] NOx conversioafor the tw component c^ta- 
lyst system, La.^Pt/alumina followed by Cu. zeolite, is,. . 5- 
shown m Fig. S> The Pt/alumina catalys is pcppsed to 
the same feed gas containir^ no.HQ as Eifampla. 1 . so 
it provides NGx storage?irelease and . no NOx cortyer: 20 
sioa Propylarw-.is added: before the Cu cataly^ J,e.. - 
after the^ Waltjmina .A HCi/WOr f«iio of is used 
based on;the.feed gas level of NO for th^ R catalyst. :,6. 
This high ratio is to. accommodate theincrease in NOx .•: ■ 
feed gas level.XJver'Cu-zeolite that: results from.Pt/alu- .25,: . 
mina releasing NQx../r ^ n., ^ 

[0041] . Comparison of Fig, 5 with Fig. 4 shows ^atj 
when the Pt/afijmina storage catalyst precedas.ihe Qu^ 
zeolite catalyst, overall net NOx conve^^oni ,fmprjE?yeS; 
over that of .the Cuizeoltte alone, ilhe^jmprciveanent is - 
from Cu zeolite converting NOx stored at the lower tenv 
peratures'on Pt/aiumina. \' ; • v - 

Claims .\ . ; - > , . 

1 . An exhaust gas.treatment system for diesel engine 
exhaust, said system comprising: . , - ,/ • ) 

a first" catalyst component: located in. an 
exhaust gas passage of a diesel engine com- 40 , 
prising a nitrogen oxide absorbem material 
up^ream of a second catalyst component - 
comprising a lean-NOx catalyst or a selective 
reduction catalyst, said nitrogen oxide absorb- 
ent material including; 45 
^ . - y . ^ 

^ . ;.{a) porous support material selected from - v 
. . :. ' the group ^consisting . of alumina, . zeolite, ^ . 
} -jlzicconia. titania, lanthana.-and njixtures of- 
; •} any olthemtarKl ;■• .,4? \ ! - i .so 

^(b) at least 0. T wt: .% precious metal b^sed - , ^ 
- -> on-the.weight of the SMPPort selected fr^ * / 
.„the .groMP. consistingrQf platinum; paH^^^^ ,v 
.-^ . c:dium...and rhodium, or ,a mixture of any of ,,,; ;/ 
them; aod-t*^ > „ V * ^ • rx- : 7 

wherein* said diesel axhausl gas flowing into said . 
first component material is always oxsdizing and at , 



loWf temperatures said first component material 
, absorbs nitrogen pxkjes from the exhaust ^as 
which are released from the ^3Sorbent materiai at , 
; . - ^tigher temperatures and converted to nitrogen or 
: 5 ' , nitroLK oxide over the second component. 



30 



35 



A system according to daim 1. vi^erein said pre- 
cious metal comprises about 0.1-5.0 wt %. 

A s^em according to.dajm tor^daim wh^rein 
saidpredpus^metal oompq^es plafe'nunt ^ , 

A SYStem;aqcprding to any .one-of daims 1 to 3, 
whereirvsa*d alyrnin^^ said support conprr^.y: 
alumina. 

A sy^rteni a^.rding to,^an^ the preceding 

daims, vtfhereintfie nitr^eri oxicle^des: 

orbeci by;^ the Jjrst component is paseii on the 
aniQunt of nitrog|en 05ddes absort^ed. by.:lh<e! first 
conponeni 

A system according to any one , of the preceding^ 
daims. wherein said support material further 
Jndudes stabilizers. 



1:^ 7. A system according to any one of the preceding ^ 
daims. wherein said first component material is 
canied on a substrate selected from coidierite, met-: 
als or ceramic. 

8. A method for treating exhaust gases generated by a 
diesel engine, said method comprising the steps,of : ' 

locating in an exhaust gas passage of a diesel 
engine a first catalyst component capaUe of 
absorbing nitrogen cxkles at low temperatures 
and a: second catalyst conpbnent dpwnstream 
of said first conriponent comprising a Iean;NOx 
catalyst or seleiitive reftuction catalyst, 
said nitrogen oxide absorbent materiai indud- 
ing: ; . ^ 

: (aj porous^ppprt material sele^ed from 
r - ttie.g«>up conasting crf-alu^ 
. , zirconia. titcmia, ianthana, <arKl 

any crf tl;iem; ai^ , ! / ^ 
(l>) at least 0.1 v^. % predpi^ metal t>ased . 
.or? theiweighlof die supportselected fnpm 
. • the grpup . cpnsistkig of . j3latinun\ palia- 
. ^ - dii^^.and rhodium, or ^ nriixlure of any of 
, . thectii^nd . j , . . , .' 

. ^epo^ng said first component material to oxi- 
dizing dieserexhaust gases, where at low tem- 
peiatures nitrogen oxides are absorbed from 
Jhe -exhaust gas and at higher temperatures, 
desorbed and passed to the second compo- 
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nent where the nitrogen oxides are reduced to 
nitrogen or nitrous oxide. 

9. A me^od according to claim 8, which further com- 
prises monitoring the absorption of the nitrogen s 
oxide on said first conponent material. 

10. A method according to claim 8 or daim 9, which fur- 
ther conrprises inyecting a source of materlai 
selected from the .group consisting lof hydrocar- io 
bons, amnionia ortir^ prior to the second catalyst 
component^jpt temperatures that are at and above 

its light-off temperature. 
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